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Purpose: The purpose of this study was to review the various extrathoracic reconstruction 
options in patients with occlusive disease of the supraaortic trunks and to define the efficacy 
of these procedures in maintaining raft patency and relieving symptoms 
B~fethods: Forty-four consecutive patients underwent 47 extrathoracic bypass procedures of 
the supraaortic rtmks for correction of symptomatic subclavian (SCA), common carotid 
(CCA) or innominate (INA) artery occlusive disease between July 1975 and May 1994. 
SCA stenosis (n = 27) was associated with upper extremity claudication (55%), verte- 
brobasilar insufficiency (15%), or both (30%). CCA stenosis (n = 14) was accompanied 
by hemispheric symptoms in 86% and global ischemia in 14%, whereas INA stenosis 
(n = 3) was associated with transient ischemic attacks (67%) and right arm ischemia 
(33%). 
Results: SCA revascularization i cluded carotid-subclavian or carotid-axillary bypass 
(n = 19), axilloaxillary bypass (n = 8), and subclavian-carotid transposition (n = 3). 
(2CA reconstructions included subclavian-carotid (SC) bypass (n = 13) and carotid- 
carotidbypass (n = 1 ). INAprocedures includedthree axilloaxillarybypasses. Sixpatients 
had an associated carotid endarterectomy, and three underwent concomitant vertebral 
artery transpositions. Intraluminal shunts were not routinely used. Vein was used as a 
conduit in five procedures, and a prosthetic graft (23 Dacron, 16 polytetrafluoroethylene) 
was used in the remainder. The average postoperative intensive care tmit and hospital stay 
were 1 and 5 days, respectively. Follow-up was available in 43 of 44 patients (mean = 26.2 
months). The perioperative morality rate was 2.2% (one axiUoaxillary). There were five 
graft occlusions in procedures involving the axiUary artery (3 of 11 axiUoaxillary, 2 of 7 
carotid-axillary) ascompared with one of 29 thromboses when the operation was confined 
to the supraclavicular fossa (p < 0.05). Relief of symptoms was achieved in all patients 
with patent grafts. There were no perioperative strokes in the series. Other complications 
included one brachial plexus neuropraxia (axilloaxillary) and four patients with phrenic 
nerve neuropraxia. 
Conclusion: Extrathoracic revascularization f the supraaortic trunks is weil tolerated and 
durable when operations are confined to the supraclavicular fossa and do not involve the 
axillary artery. (J VASC SURG 1995;22:217-22.) 
Arterial occlusive disease of the supraaortic 
trunks involves the subclavian, common carotid, or 
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innominate arterics and can present as a multitude 
of cerebrovascular insufficiency symptoms or, in the 
case of the subclavian or innominate arteries, can 
produce upper extremity embolic phenomenon or 
claudication. A variety of therapeutic options are 
currently available to manage symptoms attributed 
to atherosclerotic disease of the supraaortic trunks. 
The first successful revascularization f  a great vessel 
was performcd in 1953 by Bahnson 1 using ho- 
mograft material, whereas the first successful re- 
construction of a branch occlusion of the aortic arch 
was described by Deßakcy et al. 2 in 1958 and 
involved a direct transthoracic approach. In recent 
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Fig. 1. Clinical manifestations i  44 patients with supraaortic trunk arterial occlusive 
disease. 
years, the favored treatment option for patients with 
supraaortic trunk occlusive disease has involved ex- 
trathoracic reconstructions. 3-5 In comparison to the 
traditional transthoracic techniques, by avoiding a 
thoracotomy orsternotomy, the extrathoracic proce- 
dures have a similar clinical efficacy, along with de- 
creased morbidity and mortality rates. 6-8 
The most commonly used techniques of sub- 
clavian artery revascularization i clude carotid- 
subclavian, carotid-axillary, axilloaxillary bypasses, 
and subclavian-carotid transpositions. Common ca- 
rotid artery bypasses indu& subclavian-carotid and 
carotid-carotid bypasses, whereas extrathoracic re- 
construction of the innominate artery requires an 
axilloaxillary bypass. In this study, we describe our 
experience with supraaortic trunk revascularizations 
and compare the various types of extrathoracic 
reconstruction procedures. 
PATIENTS AND METHODS 
From July 1975 to May 1994 at University of 
North Carolina Hospitals, 65 consecutive patients 
underwent bypasses for arterial occlusive disease of 
the supraaortic trunks. In this group, 44 patients 
tmderwent 47 extrathoracic reconstructions. The 
records were retrospectively reviewed for clinical 
presentation, diagnostic evaluation, operative treat- 
ment, and outcome. The mean age was 57 ycars 
(range 27 to 79 years), and women outnumbered 
men 29 to 15. Concurrent risk factors included 
hypertension (66%), history of smoking (87%), and 
hypercoagulable conditions (6%). Evidence of ath- 
erosclerosis included clinically apparent coronary 
artery disease in 26% and a prior stroke in 31% 
of patients. All patients had symptomatic disease 
and underwent preoperative s lective arch aortog- 
raphy accompanied by differential arm pressures 
(subclavian or innominate artery stenosis) or duplex 
imaging. 
Twenty-seven patients underwent subclavian ar- 
tery revascularization procedures (Fig. 1). Severe 
stenosis or complete occlusion of the subclavian 
artery was associated with manifestations of brachial 
ischemia (pain, claudication, distal embolization) in
15 patients (55%), vertebral basilar insufficiency 
(ataxia, dizziness, visum disturbances, drop attacks) 
in four patients, or a combination of both upper 
extremity and vertebral basilar insufficiency in eight 
patients (30%). Fourteen patients required common 
carotid artery reconstruction. Severe stenosis or 
complete occlusion of the proximal common carotid 
artery accompanied signs of hemispheric symptoms 
(transient ischemic attacks, amaurosis fugax) in 12 
patients (86%) and nonhemispheric symptoms in 
two cases (14%). Three patients had symptoms 
mandating an innominate artery bypass. Innominate 
artery stenosis was associated with right arm claudi- 
cation (33%) and transient ischemic attacks (67%). 
Long-term follow-up involved critical analysis for 
symptom recurrence accompanied by clinical exami- 
nation and postoperative objective studies of graft 
patency. These included repeat measurements of 
differential arm pressure indexes and serial duplex 
imaging. When indicated, arteriography was per- 
formed. 
RESULTS 
All extrathoracic bypasses except the axilloaxillary 
bypasses were performed through atransverse c rvi- 
cal incision positioned approximately i cm above the 
clavicle over the clavicular head of the sternocleido- 
mastoid musclc. After division of the platysma, the 
JOURNAL OF VASCULAR SURGERY 
Volume 22, Number 3 Owens et al. 219 
clavicular head of the sternocleidomastoid muscle 
was divided in most instances. To expose the phrenic 
nerve, the anterior scalene rat pad was dissected free 
of the scalenus anticus muscle. This musde was 
divided in 63% of cases to providc exposure of the 
subclavian artery distal to the vertebral artery origin. 
The omohyoid muscle was divided in 20% of cases. 
The axilloaxillary bypass procedures wcre approached 
through bilateral infraclavicular incisions where the 
vessel lies in a relatively superficial position and 
passed through a presternal tunnel. 
Subdavian artery revascularization included 19 
carotid-subclavian or carotid-axillary b passes, eight 
axilloaxillary bypasses, and three subclavian-carotid 
transpositions (Table I). Common carotid artery 
reconstru.ctions included 13 subclavian-carotid by- 
passes and one carotid-carotid bypass. Innominate 
artery procedures included three axilloaxillary by- 
passes. Endarterectomy of the common carotid 
bifurcation was performed for associated stenosis in 
conjuncti•on with carotid artery bypass in six cases; 
three patients with a high-grade stenosis of the 
vertcbral artery origin along with vertebrobasilar 
symptoms underwent concomitant vertebral artery 
transpositions. Saphenous or basilic vein was used as 
a bypass conduit in five procedures, and 6 to 8 mm 
prosthetic grafts (23 Dacron and 16 polytetrafluo- 
roethylene) were used for the remainder. Both 
subclavian-carotid and carotid-subclavian grafts were 
located eep to the sternocleidomastoid muscle and 
nmneled under the internal jugular vein. The proB- 
mal carotid artery was ligated in all subclavian-carotid 
bypasses. Carotid-axillary bypass conduits were po- 
sitioned under the clavicle after division of the 
pectoralis minor, to facilitate construction of the 
axillary artery anastomosis along the first or second 
portion of the vessel. Intraluminal shunts were not 
routinely used. Mean carotid artery cross-clamp time 
was 26 rninutes, and the average operative duration 
was 210 minutes. 
Long-term follow-up of graft patency was avail- 
able in 43 of 44 patients (98%). The duration of 
follow-up ranged from 1 to 97 months, with a mean 
of 26.2 months. Relief of symptoms was achieved in 
all patients with patent grafts, and graft occlusion 
occurred in six cases during the foUow-up period 
(Fig. 2). There were five graft occlusions, all com- 
posed of" prosthetic Dacron, in procedures involving 
the axillary artery (three of 11 axilloaxillary, two of 
seven carotid-axillary) ascompared with one throm- 
bosis, a venous conduit, in 29 cases of operations 
confined to the supraclavicular fossa (p < 0.05). 
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Fig. 2. Graft occlusions of extrathoracic bypass proce- 
dures. Occluded grafts are black; patent grafts are white. 
symptom free, whereas the remainder required graft 
revision. In the immediate postoperative p riod, four 
asymptomatic phrenic nerve neuropraxias ( upracla- 
vicular procedures) were identified by chest radiog- 
raphy. No respiratory abnormalities resulted, with all 
patients recovering diaphragmatic function in the 
follow-up period. One patient undergoing an axil- 
loaxillary bypass had development of a brachial 
plexus neuropraxia that did not result in permanent 
functional impairment. 
There were no perioperative strokes and there was 
one postoperative death (2.2%) resulting from a 
myocardial infarction in a patient undergoing axil- 
loaxillary bypass. The mean postoperative intensive 
care unit and hospital stay were 1 and 5 days, 
respectively. During the study period, one additional 
patient died (2.2%) of a cause unrelated to the 
revascularization procedure, a leukemia blast crisis. 
DISCUSSION 
Depending on the obstructive lesion and the 
extent of collateral circulation, patients with occlu- 
sion or tight stenosis of the supraaortic trunks can 
present in a variety of ways. In many cases patients 
remain symptom free. Symptomatic o clusive discase 
of the subclavian artery may resnlt in brachial artery 
ischemia or digital artery embolization. When occlu- 
sive lcsions are proximal to the origin of the vertcbral 
artery, vertebrobasilar insufficiency, particularly with 
arm exertion, can result. 9Atherosclerotic disease of 
the carotid artery usually involvcs the carotid bulb, 
but a small subset of patients have more significant 
proximal artery involvement. These patients are 
admitted with similar symptoms of cerebrovascular 
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Table I. Types of extrathoracic bypasses and conduits for extrathoracic reconstruction f the 
supraaortic mmks 
CS SC CAx AvSx SCT CC Total 
SCA reconstruction 12 0 7 8 3 0 30 
CCA reconstruction 0 13 « 0 0 0 1 14 
INA reconstruction 0 0 0 3 0 0 3 
Total 1--2 1---3 Y 1-1- 3 I 4--7 
Bypass conduit (llp,lv) (12p, lv) (4p,3v) (llp) - (lp) 
CS, Carotid-subclavian; SC, subclavian-carotid; CAx, carotid-axillary; AxAx, axilloaxillary; SCT, subclavian-carotid transposition; CC, 
carotid-carotid; SCA, subclavian artery; CCA, common carotid artery; FNA, innominate artery; P, prosthetic graft; V, autogenous vein 
graft; CEA, carotid endarterectomy. 
*Includes ix concomitant CEA and three vertebral artery transpositions. 
insufficiency that patients with carotid bulb disease 
experience. Furthermore, patients with severe in- 
nominate artery disease may have development of
symptoms similar to those seen in either subclavian or 
common carotid artery lesions. 2
Extrathoracic bypasses have become the prefer- 
ential form of treatment in patients with symptom- 
atic occlusive disease of the supraaortic trunks. Of 
procedures described, we have had the most experi- 
ence with the subclavian-carotid and carotid- 
subclavian bypasses. During these operations we 
usuaUy divided the clavicular head of the sternoclei- 
domastoid. Some surgeons have recommended pre- 
serving this structure, but we have found that the 
improved exposure with the paucity of postoperative 
functional defects offsets this concern. The phrenic 
nerve is always at risk to injury during exposure of the 
subclavian artery in the supraclavicular fossa. Care 
needs to be taken to identify this structure along the 
lateral aspect of the anterior scalene muscle and avoid 
devascularization f the perineural tissue. Despite 
these precantions, we had a 14% incidence of injury 
in our procedures involving a subclavian vessel, but 
all patients recovered without sequelae. During 
routine carotid endarterectomy it is our practice to 
use selective shunting in most instances. Although we 
use electroencephalography monitoring to assess 
cerebral perfusion when creating extrathoracic by- 
passes involving the carotid artery, we believe ashunt 
is not routinely necessary in these operations because 
of the external carotid-to-internal carotid artery 
collateralization, and the brief occlusion time for the 
anastomosis. However, we do use intraluminal 
shunts in patients with complete contralateral carotid 
artery occlusions or those requiring concomitant 
carotid endarterectomies. 
Experience with procedures confined to the 
supraclavicular fossa have shown significantly better 
primary patency rates compared with those involving 
an infraclavicular nastomosis a required in carotid- 
axillary and axilloaxillary bypasses. As a donor vessel 
the axillary artery is surgically convenient in both 
proximal subdavian and innominate arterial occlu- 
sive disease because of its more superficial location 
compared with the subclavian artery and the absence 
ofphrenic nerve manipulation. We believe the higher 
incidence of failures in operations involving the 
axillary artery is the result of unfavorable graft 
orientation and position. Elongated bypass conduits, 
perhaps compromised by passing under the clavicle 
between the first rib, along with their more superficial 
position in infraclavicular p ocedures, may be more 
prone to compression or kinking. Besides occlusive 
difficulties, another potential problem with the axil- 
lary artery is the inconvenience of existing axilloax- 
illary bypasses in patients requiring sternotomies for 
heart surgery. Because of out results and those 
reported in the literature,l° regardless ofthe increased 
morbidity rate, patients with innominate artery 
occlusive disease should undergo a direct intratho- 
racic bypass rather than an axilloaxillary bypass, n
Despite an experience that was too limited to 
provide a definitive conclusion, we support the 
concept hat ringed polytetrafluoroethylene grafts 
compared with Dacron or autogenous vein have 
greater durability for extrathoracic supraaortic recon- 
structions. However, with the reported exceptional 
long-term patency of subclavian-carotid ransposi- 
tions, a decision about graft material may be unnec- 
essary in some patients, particularly those experienc- 
ing upper extremity embolic phenomenon.12 
Most extrathoracic bypass procedures are per- 
formed for symptomatic disease. Reported alterna- 
tives to surgical bypass include retrograde thrombo- 
endarterectomy for the management of common 
carotid artery lesions and percutaneous translu- 
minal angioplasty in the treatment of subclavian 
disease, laq5 However, despite technical feasibility, 
the high incidence of complications and recurrent 
lesions have reserved these options for patients with 
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prohibitively high surgical risks. 16,17 To date, no 
studies have recommcnded arterial reconstruction i
symptom-f~ee patients. Clearly, patients with asymp- 
tomatic atherosclerotic occlusive disease o f  the sub- 
clavian or vertebral arteries hould not be considered 
candidates for surgery. However,  although the natu- 
ral history is tmknown, an argument can be raised for 
surgical intervention in patients with asymptomatic 
proximat common carotid artery disease. In  our 
study, we performed six operations on ipsilateral 
tandem lesions o f  the common and internal carotid 
arteries. Frequently it is difficult to &termine the area 
o f  symptomatic disease, and we may have bypassed 
asymptomatic disease, with the afflicting lesion 
located at the carotid bulb. However,  until prospec- 
tive studies are available, this remains an uncertain 
dilemma. 
On the basis o f  our review, except for patients 
with occhlsive disease of  the innominate artery, 
extrathoracic bypasses confined to the supraclavicular 
fossa are excellent surgical options for patients with 
symptomatic disease of  the supraaortic tnmks. These 
techniques are associated with low morbidity and 
mortality rates and provide long-term reduction o f  
ipsilateral vascular events. 
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D ISCUSSION 
Dr. G. Patrick Clagett (Dallas, Texas). This is a large 
series, and the results are excellent. I join with the authors 
in condemning the axillary bypass. In addition to having a 
high failure rate, it fails to prevent embolization when there 
is a proximal ulcerative lesion. It is prone to wound 
complications, and it gets in the way if one needs to do a 
subsequent median sternotomy. 
With regard to subclavian-to-carotid bypass, we tend to 
favor vein over prosthetic material. We believe that this 
works bet-ter and has a bettet patency rate than prosthetic 
material. This is in contrast o the carotid-to-subclavian 
bypass where we agree that synthetic material has an 
advantage because vein grafts rend to kink in this position. 
The subclavian-to-carotid bypass lays in the long axis of the 
neck and does not kink with normal neck movements. Ifthe 
saphenous vein is small, we have even used the superficial 
femoral vein, and at 1 cm in diameter it mrns out to be a 
perfect size match for this bypass. 
We have found that for all of these extrathoracic 
bypasses 6 mm prosthetic material is too small, and this 
seems to be a threshold for patency. When we reviewed our 
series we found a significant difference, with the failure rate 
of 6 mm prosthetic material being significantly greater than 
for 8 mm or 10 mm. Did you look at the size ofyour bypass 
grafts and did yon note that there was a higher failure rate 
with 6 mm prosthetic material? 
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I know that the North Carolina group has an interest 
in percutaneous transluminal ngioplasty. Why wouldn't 
this be feasible, particularly with a combined operative and 
interventional pproach? If one could pass the angioplasty 
catheter etrograde through an arteriotomy, perform 
balloon dilation, place a stent and then flush through the 
arteriotomy, this might be safe and have an equivalent 
patency rate. It might make some of the bypasses thät you 
talked about obsolete. Do you have any experience with 
this method? 
Dr. Lewis V. Owens. In extrathoracic procedures, the 
choice ofgraft material has always been somewhat contro- 
versial, and from out experiences, prosthetic material has 
proven to be a more favorable conduit han autogenons 
vein. However, with regard to a difference in patency 
between 6 and 8 mm-sized prosthetic grafts, our rate of 
graft occlusions were nearly equally spaced between both of 
these grafts sizes. Nevertheless, whenever possible we will 
attempt to use as large a prosthetic graft as the vessel will 
allow. 
At our institution, we have had experience with out 
vascular radiologist in about 15 cases of percutaneous 
transluminal ngioplasty of the supraaortic trunks without 
stent placement. This is certainly an area of interest for us. 
However, our biggest concern, particularly inpatients with 
subclavian stenosis, is the tendency for early recurrence 
after dilation of the stenotic area. This is where stent 
placement may eventually prove beneficial. But what is even 
more worrisome is that we have had in our series at least 
one patient with a proximal subclavian lesion who had a 
stroke after plaque was released into the vertebral circula- 
tion during dilation. So there are certainly some concerns, 
and at this stage ifwe could do an operative procedure and 
perform a bypass on these patients, that is the way to go. 
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